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Introduction
Chemical structure of Steroids includes skeleton of three hexagonal and one pentagonal carbon ring which are generally arranged in a 6-6-6-5 structure, into which various functional groups and side chains are attached [1] . Steroids are widely used both internally and externally as medication due to their variety of biological activities. They are essential for regulation of large number physiological processes such as regulation of water-mineral balance, metabolism, inflammatory process and regulation of immune functions. Steroids have also an impact on development of sexual characteristics, menstrual cycle, and maintenance of pregnancy. The steroid hormones and synthetic compounds have many therapeutic applications. On the basis of their clinical efficacy and potency, these drugs have been divided into different classes. One important group is anti-inflammatory steroid drugs. These drugs are still in use today particularly in the case of patients with severe asthma [2] or prevention of transplant rejection. Dermocorticosteroids are particularly effective in numerous inflammatory cutaneous pathologies such as scalp psoriasis and dermatitis. They are formally contraindicated in skin infections, diaper rash, acne and rosacea [3] . Glucocorticoids are compounds widely used in veterinary medicine. The improper or illegal use of corticosteroidal hormones as veterinary drugs may result in unwanted residues in food products derived from livestock breeding. To protect consumers' health, the
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A simple TLC and HPTLC method for separation of selected steroid drugs European Union has outlawed the use of corticosteroidal hormones in livestock breeding and aquaculture [4] . The determinations of studied steroids in different matrices are shown in Table 1. HPLC was used to separate steroids. Nowadays, this is most popular technique of separation. It allows you to separate effectively and obtain results which are reproducible. The advantage of HPLC is the ability to use different types of stationary phases and great opportunities in modification of the mobile phase. Different types of detection are used. The best is use of a mass detector. The spectrum of a mass detector confirms the identity of the compound. The UV and luminescence spectrometer is also in use. One of the most sensitive and selective detection techniques for liquid chromatography is chemiluminescence (CL), in which the emission of electromagnetic radiation (ultraviolet, visible reaction based on the decay of an excited species to the electronic ground-state. The methods developed include derivatization procedures for corticosteroids prior to the chemiluminescence (CL) reaction. UPLC as a good separation method is presented, but nowadays this method is not widespread. The increased resolution obtained in shorter time in this method can generate more information faster by using higher pressure and smaller particles. In GC, steroid drugs must be converted to a volatile derivative, with the use of the special enzymes. New separation techniques are supercritical fluid chromatography (SFC), ion-exchange chromatography (IEC) and similar were used in studies of stock solutions. Testing new expensive and complicated methods proves that, separation of steroid drugs is a considerable analytical problem.
TLC can be applied as screening method. This method has some advantages over the other chromatographic methods: it is rapid and relatively simple, it is a low cost method and the laboratory does not require expensive equipment. Additionally, TLC requires small amounts of substances in analysis which can be detected by chemical reactions.
Theoretical details
Separation factor α -also known as selectivity factor or relative retention -is a measure of chromatographic system's selectivity. Selectivity of chromatographic system refers to mutual influence of substances selected with mobile and stationary phases. This parameter depends mainly on the chemical structure of the analytes and also types and properties of both phases. With the assumption that mixture is completely selected, selectivity of the system might be described as distance between the maximum of adjacent chromatographic peaks. Relative retention reflects differences in influence of both ingredients with mobile and stationary phases and is defined by equation [45]:
(1) in which: k 1 , k 2 -retention factors of substances 1 and 2, K 1 i K 2 -distribution coefficients.
Eq. 1 shows that separation factor is equal to relation of partition coefficients in balanced state or factors of both substances' retention. When  = 1, it means that the resolving power equals zero which means that both chromatographed substances are not different in the thermodynamic aspect and the selection could not be achieved.
Selectivity is a measure of thermodynamic differences in partition behavior between components 1 and 2: (2) in which: Δ(ΔG o ) is a standard (Gibbs) free energy change of partition [45] [46] [47] .
In order to separate components 1 and 2, there have to be some differences in thermodynamics of their partition. Larger amount of substances are characterized by correlations R M 1 vs. R M 2 . Efficiency of solvent might be calculated using relative retention while efficiency of stationary phase is described by retention factor.
Principal component analysis (PCA) is central to the study of multivariate data. PCA is widely used in chemistry and has recently been used for mobile phase optimization in thin layer chromatography [48] [49] [50] . PCA allows maximum use of the information contained in the data matrices. The parameter R M was the basis for the principal components analysis. As it is apparent from the formula log:
that it is impossible to calculate log k, where the R f parameter values are equal to 0 and 1. Thus, in order to conduct statistical analysis it has been assumed that for R f = 0, R M = 2, which may suggest a very strong analyte-adsorbent interaction. R f = 1 corresponds to the R M = -2, which also implies a strong interaction of the test compound with the eluent. All statistical calculations were performed using STATISTICA 9.1.
The purpose of the work discussed in this paper was: -to study the retention and separation of selected steroids by TLC and HPTLC with a variety of aqueous and non-aqueous mobile phases, and a variety of adsorbents; to determine the effect of the solvents used as mobile phases, and adsorbents used as stationary phases on the chromatographic behavior of the compounds; and to evaluate the usefulness of particular chromatographic systems for analysis of steroids. Furthermore, the optimization study resulted in a better understanding of the structure-retention relationship of steroids. PCA was used to assess the suitability of different chromatographic systems for the separation of a mixture of steroids.
Experimental procedure

Solvents and chemicals
The glucocorticoids (cortisone and hydrocortisone) were purchased from Sigma-Aldrich (UK). All reagents used as mobile phases (acetonitrile, acetone, methanol, DMSO and petroleum ether) were HPLC -reagent grade from Sigma-Aldrich (Steinheim, Germany). Sulfuric acid (POCh, Poland) was used to prepare the visualizing reagents. Water was double distilled.
Tablets
The following available tablets were used in the present investigation: Medrol (declared amount per tablet 16.0 mg methylprednisolone, Pfizer Manufacturing Belgium N.V.), Encorton (declared amount per tablet 10.0 mg prednisone, Pabianickie Zakłady Farmaceutyczne POLFA, Poland) and Prempak-C (declared amount per tablet 0.15 mg norgestrel, Wyeth, U.S.). These tablets were obtained commercially. Chemical structures of the hormones are depicted in Fig. 1. 
Sample preparation
Solutions of cortisone and hydrocortisone (1 mg L -1 ) were prepared by dissolving appropriate weighed amounts in methanol. Methanol was chosen as the modifier as it was found to be a proper solvent for the analytes.
Tablets were crushed into a fine powder and appropriate amounts of each one were dissolved in methanol diluent using an ultrasonic bath. The solution was filtered through a disposable syringe filter Chromafil ® PET-45/25 (Macherey-Nagel). An aliquot of the filtrate solution was taken in the volumetric flask and diluted to obtain standard stock solutions of 1 mg L -1 . This solution was used as the working standard for the analysis of all samples.
Mobile phase
Binary phases (acetonitrile-water, acetonitrile-DMSO, acetonitrile-methanol, acetone-petroleum ether, acetone-water) were prepared by mixing appropriate quantities of pure organic solvents in the proportions from 0 to 100% (v/v).
Chromatography
Chromatography was performed on 5 cm × 10 cm Kieselgel 60 WF 254s TLC plates and Kieselgel 60 F 254 , Kieselgel 60 CN F 254s , RP-18 F 254s, RP-18 WF 254s HPTLC plates manufactured by Merck (Darmstadt, Germany), in chromatographic chambers (7×11 cm) previously saturated with mobile-phase vapour. The chromatographic chamber was saturated 20 minutes before analysis. In the case of using water -organic modification mixture as mobile phase was used Kieselgel 60 WF 254s TLC plates and RP-18 WF 254s HPTLC plates. Chromatograms were developed to a distance of 8 cm at room temperature (20±2 o C). The steroids were visualized by spraying the plates with a 1:4 (v/v) mixture of concentrated sulphuric acid and methanol. After spraying, the plates were heated for 10 min at 120 o C .
Results and discussion
The largest achieved values of separation factors α of cortisone and hydrocortisone (Table 2 ) and prednisone, methylprednisolone and norgestrel (Table 2) . Therefore, the addition of water into the organic mobile phase significantly improved separation of cortisone and hydrocortisone on plates covered by silica gel and cyanopropyl phase. It leads to considerations on the hypothesis of retention mechanism's similarity on both adsorbents. In this case, chromatographic processes in such a system of stationary and mobile phases are based on the effect of adsorption. While analyzing the results gained in studies of prednisone, methylpredisolone and norgestrel, similarities of chromatographic behavior of prednisone and methylopredisolone on silica and cyanopropyl adsorbents (with use of eluents containing acetonitryle and small addition of DMSO) were observed. In such chosen chromatographic systems, values of parameter α for these compounds gained a maximum value. Probably interrelations between hormones and cyanopropyl phase are similar to these in normal phase systems which means that the chromatographic process has adsorption character, like in case of cortisone and hydrocortisone, but in the non-water environment. In the reversed-phase, a maximum value of parameter α was gained for prednisone and methylpredisolone with use of a binary mobile phase acetone-water 30:70 (v/v). After usage of acetone in water 40:60 (v/v) on the cyanopropyl adsorbent, maximum values of parameter α were gained for pairs: prednisone/norgestrel and methylpredisolone/norgestrel with values of α = 10.02 and α = 6.00 respectively. In normal-and reversedphases the best separation of both pairs took place after usage of non-water eluents.
Data related to differences of easy separation energy of two compounds Δ(ΔG o ) were shown in Table 3 . They somehow confirm previous conclusions related to satisfying separation of analyzed steroids.
Retention of selected steroids was analyzed on polar adsorbents: bounded phase (CN-silica phase type), silica gel and on non-polar octadecylsilane (Table 4) . Interrelation R M I vs. R M II which means comparison of retention parameters on plates covered by cyanopropyl phase (I), octadecysilane (II) and silica gel (II) allows to present two important conclusions. Firstly, it allows quite easy interpretation of relations above as chemism and distribution of active centers on silica gel surface are commonly known which allows for easy identification of cyanopropyl phase's active centers. Secondly, such interrelations allows you to choose the most selective systems in relation to specific group of compounds. Linear correlations R M I vs. R M II for analyzed steroids were observed which might suggest the fact that active centers which decide on adsorption of this group's substances are similar. The slope of the correlation lines larger than 1 showed a good division of compounds.
Low factors of straight lines correlation do mean individual differences in selectivity of separation. Large correlation factors of line R M I vs. R M II confirm theory of co-adsorption of chromatographed substances on monolayer of this polar dissolvent on silica gel and cyanopropyl surface which makes two surfaces similar and cause that mechanism of interrelations in both systems is also similar. Additionally, high values of correlation lines inclination show high adsorption energy of analyzed compounds and strong solvation effect of compounds by polar dissolvent and strong elution with silica gel in some eluents systems.
Linear correlation between R M values and the concentration of organic solvent in the eluents was calculated (Table 5 ). The high correlation coefficients (r), the significance levels (p), and small values of the standard deviation indicated that all the equations obtained were highly significant. Most frequently, in the case of using stationary phase RP 18 and CN correlation between RM values and the concentration of organic solvent in mobile phase were linear. PCA was carried out by taking into consideration the R M values of steroid hormones. Cases and variables for both PCA analyses are listed in Table 6 . Greater effect on the retention of the test substances resulted in the presence or lack of a double bond between C1 and C2 atoms, as suggested in Table 2 . Therefore, it is interesting that the change of substituents on the atoms C11, C13, and C17 of sterane molecule changes the retention norgestrel, which, despite the lack of a double bond in ring A is grouped with prednisone and methylprednisolone. This situation occurs when both aqueous (Fig. 2) and nonaqueous (Fig. 3) were used as mobile phases and silica gel was used as the stationary phase. As shown in Fig. 2 , methylprednisolone, prednisone and norgestrel are grouped in the same quadrant, depending on themobile phase used, acetonitrile-water in quadrant III (-, -) , and the acetone-water in quadrant IV (-, +).
The difference in retention of norgestrel between the nonaqueous mobile phases (acetonitrile-methanol and acetone-petroleum ehter) (Fig. 3) are much smaller than in aqueous mobile phases because norgestrel by applying both non-aqueous eluents grouped in quadrant I (+, +) next to methylprednisolone and prednisone using acetonitrile-methanol as eluent. 
Conclusion
Addition of water to organic mobile phases had a significant influence on the separation of analyzed steroid drugs, especially in the case of cortisone and hydrocortisone. Remaining analytes were separated in a satisfying way in a non-water environment. Similarities of interrelations between hormones and stationary cyanopropyl and silica phases were observed which leads to considerations on adsorption retention mechanisms on CN adsorbent. This thesis was confirmed by calculated differences of energy related to easy division of two compounds Δ(ΔG o ) and comparison of correlation lines parameters.
The best separation of methylprednisolone and prednisolone is in a chromatographic system that includes silica gel as a stationary phase and a mixture of acetonitrile and DMSO (10:90 v/v). These two anti-inflammatory drugs can be fast separated from norgestrel in the case of a CN stationary phase used and a mobile phase of acetone and water (40:60 v/v).
The highest values of the parameter Δ(ΔG o ) and α for cortisone and hydrocortisone were observed in the case of a CN stationary phase used and water-acetonitrile (40:60 v/v) as a mobile phase.
PCA does not prove but mathematically indicates similarities of retention behavior of norgestrel in aqueous and non-aqueous mobile phases and silica gel as stationary phases is similar to methyloprednisone and predisone, despite the absence of double bond in the norgestrel structure. 
